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The evaluation of immune-based approaches to achieve an antiretroviral therapy (ART)-free remission 
of HIV infection requires demonstration of efficacy through ART interruption placebo-controlled trials. 
This is not without risk to participants and there is a need to develop innovative trial designs which 
minimise the number of participants exposed to placebo and unviable candidates. Multi-arm multi-
stage (MAMS) trial designs can be used in this context to accelerate the development of an immune-
based therapeutic agent for HIV cure. Issues related to implementing a MAMS design within the EHVA 
T01 trial are considered here. EHVA T01 is a multicentre, MAMS, double-blind, phase I/II trial which 
aims to evaluate the impact of the immune interventions on viral control in HIV-1 infected participants 
following analytic treatment interruption (ATI). The application of a MAMS design increases the 
likelihood the EHVA T01 trial will identify a successful treatment and minimises the number of 
participants undergoing ATIs who have been exposed to futile agents. The use of MAMS is a promising 
design strategy to evaluate complex immune-based approaches aimed at curing HIV-infection, 






The ideal therapeutic HIV immune-based intervention would eliminate the need for life-long 
antiretroviral therapy (ART) in HIV-infected individuals, either through eradication of all HIV-infected 
cells or by inducing an immune response capable of controlling the virus in the absence of ART (1-4). 
Over the last two decades, more than four dozen therapeutic immune-based approaches have been 
examined in clinical trials, most without any success in terms of their ability to control viral replication 
or maintain high CD4 counts in the absence of ART (reviewed in (3, 5-7)). A few trials have produced 
more encouraging results (8-10) and there are currently a number of new immune intervention agents 
(vaccines and monoclonal antibodies) under development which require evaluation (11).   
 
The current gold standard is to evaluate the efficacy of a new immune-based therapeutic intervention 
in a placebo-controlled superiority design where efficacy is determined via a short-term interruption 
of ART, also known as analytic treatment interruption (ATI), while monitoring for viral rebound (3, 12). 
While ATIs are considered clinically safe when closely monitored (13, 14), there are associated risks 
including acute retroviral syndrome, thrombocytopenia (15-17) and HIV transmission to others  (18-
20) Within this context and in light of the number candidates currently requiring evaluation, there is 
a need to implement innovative trial designs which can optimise available resources to accelerate the 
evaluation of candidates while minimising the number of participants exposed to placebo or to 
unviable treatments. Adaptive trial designs such as the multi-arm, multi-stage (MAMS) trial design 
described by Royston, Parmar and Qian (21) could be used in this context to accelerate the 
development of a therapeutic HIV immune intervention agent.  
 
The main features of MAMS trials are their ability to a) simultaneously compare multiple experimental 
arms against a common control thereby reducing the overall number of participants required in 
comparison to multiple parallel arm trials and b) allow for poorly performing arms to be dropped and 
new arms to be added at pre-specified interim analysis stages while controlling the overall risk of false 
positive conclusions (21-24). In contrast to adaptive designs which take only the most efficacious arms 
forward (e.g. ‘pick-the-winner’ type designs); the MAMS design is based on discontinuing the worst 
performing arms at each interim analysis. Because the decision to continue recruitment in an arm is 
based on lack-of-benefit as opposed to evidence-of-benefit, complicated bias adjustments for the 
inflation of the type I error rate are not necessary. Early looks at data within the MAMS design are 
made possible by taking a relaxed significance level at the interim stage while maintaining high power 
to ensure against incorrectly discarding an effective treatment early.  MAMS trials have been 
successfully employed in a number of other disease areas, including tuberculosis and oncology 
research (25-27), and have been shown to require fewer participants and to be completed in a shorter 
time frame without loss of statistical validity or scientific integrity (21, 28) compared to standard 
designs.  
 
There have been calls for adaptive designs to be more readily used in the evaluation of HIV-1 vaccines 
(29, 30) and they have been employed in a handful of prophylactic HIV vaccine trials (29-32), however 
to-date an adaptive design has not been used in the evaluation of therapeutic HIV agents. A number 
of methodological and practical considerations are needed in order to adapt the MAMS design to 
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evaluate immune-based therapeutic interventions for HIV cure. These considerations are described 
herein and were motivated by the design of the EHVA T01 trial. 
 
EHVA T01 Trial Design  
EHVA T01 is an international, multicentre, MAMS, double-blind, Phase I/II trial that aims to evaluate 
three active interventions: 1) the combination of HIV vaccines, GTU-Multi-HIV B-clade DNA and ANRS 
MVA HIV-B (DNA+MVA arm), 2) a monoclonal antibody, vedolizumab (mAb arm), and 3) both the 
DNA+MVA with mAb (combination arm) against a placebo control arm in HIV-1 infected and virally 
suppressed adults recruited across 6 European collaborating countries (NCT02972450). The 
randomisation processes are detailed in Figure 1a. Participants will be randomised 1:1:1:1 to either 
DNA+MVA, mAb, combination or placebo stratified by stage of infection (chronic or primary infection). 
Participants in the placebo arm will be randomly assigned to receive a placebo for DNA+MVA, mAb or 
combination thereby ensuring blinding of placebo/intervention but not the schedule. In consideration 
of the higher burden associated with the greater number of treatment administrations in the 
combination arm schedule, it was decided that the schedule would be open-label.  
 
The primary aim of the study is to assess the impact of the interventions on viral control following a 
treatment interruption (Figure 1b) with the hypothesis that active interventions are superior to 
placebo. Participants will continue on ART during the first 24 weeks covering the vaccination period 
and 5 of the 6 mAb infusions (or matched placebo controls). The antiretroviral treatment will then be 
interrupted and resumed at the first occurrence of: i) a viral load confirmed to have rebounded to 
≥10,000 copies/ml, ii) a CD4 confirmed to have fallen to ≤350 cells/mm3, iii) symptomatic HIV 
progression or an AIDS defining conditions or iv) completion of 24 weeks of treatment interruption. 
 
The trial is designed as a two-stage approach, an interim and a final efficacy stage. The primary 
outcome measure, which is assessed at both the interim and final efficacy stages, is time from 
treatment interruption (scheduled for 24 weeks after entering the trial) to the earliest time of reaching 
HIV RNA ≥ 10,000 copies/ml (confirmed on a separate sample) or resuming antiretroviral therapy for 
any reason over a period of 24 weeks (herein referred to as viral rebound for ease). In light of previous 
therapeutic vaccine trials and the effectiveness of cART at suppressing viral replication, a 50% 
reduction in time to occurrence of viral rebound during ATI in each experimental arm compared to 
placebo was considered to be clinically relevant and the trial is powered to detect this at both stages.  
 
Interim Efficacy Stage 
The MAMS design with a time-to-event endpoint has a triggered analysis i.e. the interim analysis 
occurring when a set number of events have occurred within the control arm. For EHVA T01, the 
interim efficacy stage analysis will be performed after 11 events have been observed in the placebo 
arm i.e. when 11 participants receiving placebo have virally rebounded after the interruption of 
therapy, which is estimated to occur at around 50-52 weeks after the start of recruitment and in 14 
participants who are receiving placebo (based on unpublished data from the VRI 02 ANRS 149 LIGHT 
trial (NCT01492985). The required number of events to trigger the interim analysis is determined via 
a number of factors including the randomisation ratio, the targeted treatment effect, the power and 
significance level targeted at the interim stage. More stringent levels in these factors e.g. lower 
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significance level, higher power, a smaller targeted treatment effect, a lower expected failure rate will 
result in a greater number of events required at the interim stage.  
 
The recruitment rate and the expected failure rate in the control arm impacts the length of time taken 
to accrue the number of events required to trigger the interim review but not the total number of 
events required. Fortunately, from a design perspective, in participants receiving placebo the 
expected failure rate in therapeutic vaccine trials is well known, as patients are expected to rapidly 
rebound once off therapy. The recruitment rate in any trial is somewhat difficult to predict and could 
impact the length of the trial with negative consequences regardless of whether the trial is designed 
as a MAMS or traditional randomised control trial.  
 
In EHVA T01, individuals do not become at risk for the primary endpoint until 24 weeks after 
enrolment, when ART is interrupted. To ensure not too great a number of participants are enrolled 
prior to sufficient numbers of events occurring in placebo thereby triggering the interim analysis, it 
was decided to incorporate a pause in enrolment. Eighty-eight participants (22 participants per arm) 
will be recruited initially, at which point recruitment will be suspended until after the Independent 
Data Monitoring Committee (IDMC) reviews the interim stage data. Eighty-eight participants is higher 
than the required number of participants for the interim analysis but is considered an adequate 
minimum number for the evaluation of biomarkers of immunological response, a key secondary 
objective of the trial. We anticipate that the recruitment suspension between the enrolment of the 
88th participant and the occurrence of the interim analysis will last approximately 20 weeks and will 
require careful trial management and an efficient completion of the interim review in order to resume 
recruitment before centres lose momentum.  
 
An early look at data is made possible by taking a relaxed significance level while maintaining high 
power to ensure against incorrectly discarding an effective treatment early (in EHVA T01 the interim 
analysis has a one-sided pairwise significance level of 0.500 and power of 95%). At the interim review, 
as a guideline, the null hypothesis (no activity of the active intervention compared to placebo) can be 
rejected if the point estimate for the hazard ratio (HR) for an experimental arm is 1.00 or lower. In this 
case, the IDMC may recommend recruitment to the experimental arm continue to the final efficacy 
stage. If in contrast a HR>1.00 is observed, the IDMC may recommend, and the Trial Steering 
Committee (TSC) may subsequently decide, to discontinue recruitment to an experimental arm. 
However this is a non-binding guideline only and will need to be considered by the IDMC in the context 
of any other relevant internal and external data.  
 
Final Efficacy Stage 
If an arm passes the interim efficacy stage review, recruitment to that arm will subsequently reopen 
following the interim review. The total number of participants randomised to each arm and the 
duration of the trial will therefore depend on the number of arms successfully completing the interim 
stage. A stricter significance level is taken for the final efficacy analysis while still maintaining high 
power to limit the risk of false positive conclusions at the final stage. The final stage in EHVA T01 has 
a one-side significance level of 0.025 and a power of 92% for comparisons against the control arm. If 
all arms pass the interim stage, the total required sample size is estimated at 192 participants. The 
sample size calculations were performed using the STATA nstage program (version 3.0.1, 10-Sept-




Efficiencies of the MAMS design and Comparisons with Other Design Options 
The multi-arm aspect of the MAMS design allows for several treatment arms to be tested 
concurrently, meaning multiple randomised comparisons are effectively being conducted under the 
same protocol. This is an efficient use of participants allocated to the control arm because fewer 
individuals are in the single control arm than if each additional therapy were tested against a control 
in separate two-arm trials. This is of particular importance when examining therapeutic HIV immune 
intervention agents where we want to minimise the number of individuals exposed to placebo 
undergoing ATIs.  
 
Because one of the experimental arms in EHVA T01 is a combination of agents, a factorial design was 
also considered. However, it was not possible to rule out that the treatment strategies in the 
combination arm would have a synergistic effect; a core assumption for the accurate estimate of the 
main treatment effects in factorial designs. The presence of an interaction between treatments is 
often unable to be excluded in the context of immune interventions for HIV cure where the 
mechanisms of action are usually very much unknown and thus the use of factorial designs 
inappropriate. 
 
With restricted resources, the traditional approach of conducting multiple phase 2 parallel-group 
randomized controlled trials for every potential new combination of agents before moving to phase 3 
is a critical bottleneck for development of an immune-based therapeutic cure. The MAMS design is 
particularly applicable in this setting with little historical evidence of benefit for immune-based cure 
and several products requiring evaluation as it is an efficient method for selecting the most promising 
combinations. Figure 2 describes in more detail the savings and additional costs depending on 
different outcome scenarios resulting from the interim IDMC review (assuming that the IDMC fully 
follows the futility guidelines). If all experimental arms are shown to be futile, in EHVA T01 the 
estimated savings were approximately 43 weeks off the length of the trial and 102 participants 
compared to a standard 4-arm trial with no interim analysis. If 1-2 experimental arms are shown to be 
futile, the savings in terms of the number of participants required is still significant albeit at some cost 
to the duration of the trial. If no arms are stopped for futility at the interim review then suspending 
recruitment to allow for the review of interim data will add 23 weeks to the overall duration of the 
trial compared to a standard 4-arm trial.   
 
The Role of MAMS Design in HIV Cure Research 
The applicability of the MAMS design to other types of HIV therapeutic cure trials depends on a 
number of practical considerations which should be weighed against the benefits before 
implementation. Generally in MAMS trials it is optimal to have a primary study outcome which is 
observed relatively quickly following randomisation so that interim analyses can occur soon after 
recruitment of the required sample size. If this is not possible then an intermediate outcome measure 
can also be used for the interim analyses as a means of screening for emerging evidence of activity.  
The use of an intermediate outcome of progression- or failure-free survival and primary outcome of 
overall survival is typically used in oncology MAMS trials. HIV cure trials vary from trial to trial in their 
assessment of primary study measures. In addition to time to rebound used in EHVA T01, measures in 
the past have included binary outcomes such as proportion of participants below a viral load threshold 
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or proportion remaining off ART at a set time point during ATI, mean viral load set point, change in 
size of the viral reservoir and change in immunogenicity measures. All of these measures are able to 
be assessed quite rapidly, when compared to measures used in MAMS cancer trials, which is a strength 
as an intermediate outcome is not required.  
 
A MAMS design requires timely data collection, as well as efficient analysis and decision-making 
processes, and may not work well in situations when the trial cannot be stopped promptly. Delays in 
assessment of the primary outcome measure, for example the requirement to transport samples to 
central laboratories for laborious assays, could reduce the benefit of an adaptive design as more 
participants would be randomised to arms ultimately determined to be futile or a required length of 
recruitment suspension would be too great. MAMS trials will likely also require the co-option of an 
independent data review committee who have additional expertise compared to a traditional data 
monitoring committee. Experience of adaptive trials in the independent data monitoring committee, 
for example, could be advantageous to ensure the scientific integrity of the decision-making process. 
Care must also be taken in blinded MAMS trials, such as EHVA T01, to ensure that cumulative events 
remain confidential to all blinded parties so that the occurrence of the interim review (and the known 
set number of events to trigger the interim review) does not comprise the blind.  
 
MAMS and other adaptive clinical trial design have been available for more than 25 years and despite 
clear benefits in certain circumstances they are far from established in practice. This is likely due in 
part to the view that MAMS trials have complexities above that of a traditional randomized control 
trial. While practicalities of implementing a MAMS design in HIV cure research need to be carefully 
planned for, the greater flexibility offered within the MAMS design framework has the potential to 
translate into more ethical treatment of patients within HIV cure trials (possibly including the use of 
fewer patients), more efficient drug development, and better focusing of available resources. MAMS 
trials are particularly advantageous when there are multiple products to test, and in early-phase trials 
where there are more uncertainties, and thus more opportunity for considering adaptation. 
 
Discussion  
An adaptive clinical trial design approach was taken in the EHVA T01 trial to accommodate a need for 
flexibility in a context where participants should have limited risks of exposure to ATI when receiving 
an ineffective candidate treatment. By testing multiple experimental arms within one design, it 
increases the likelihood the trial will identify a successful treatment and it decreases the likelihood 
that the whole trial will be stopped prematurely, as it is unlikely that all candidates will be ineffective. 
By having an interim stage where recruitment into arms can be stopped for demonstrated futility, it 
also allows for resources to be saved and other potential therapeutic agents to be examined more 
speedily. The application of the MAMS design in this setting will, however, need to be considered in 
light of the likely need to suspend recruitment while the interim analysis occurs and the impact this 
will have on the length of a trial.  
Adaptive trial designs are attractive and becoming increasingly popular in an effort to accelerate 
clinical development (32). The use of MAMS is a promising design strategy to evaluate complex 
therapeutic strategies aimed at curing HIV infection, particularly where there are multiple agents or 
combinations of agents to be examined and where short-term endpoints, such as viral rebound during 
ATIs, are to be used in the evaluation of treatment success.  The application of MAMS in this setting is 
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achievable, with some design considerations, and has the potential to reduce the number of 
participants exposed to unviable treatments and unnecessary treatment interruptions. However, 
statistical guidance and scenario planning is essential in order to develop a realistic adaptive trial 
framework with tangible savings. 
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Figure 1a. EHVA T01 Randomisation Process. 
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4-arm randomised control trial 
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Time from treatment interruption to 
the earliest of reaching HIV RNA ≥ 
10,000 copies/ml or resuming 
antiretroviral therapy for any reason 
The MAMS design is optimised where an intermediate outcome measure 
is available which occurs earlier and more frequently than the final 
outcome measure. The current gold standard in HIV therapeutic vaccine 
trials is to evaluate the efficacy of a new candidate via viral rebound during 
analytic treatment interruption (3, 11).  Unfortunately until an immune 
correlate of viral control sufficiently accepted to inform trial design is 
identified, MAMS trials in the field will require both an intermediate and 
final outcome which is definitive. 
Distribution of 
time to viral 
rebound 
during ATI in 
the control 
group 
72% of participant in the control arm 
are expected to have virally rebounded 
by week 6 following analytic treatment 
interruption 
 
The distribution and the parameters of event occurrence in participants on 
the control arm must be determined from previous study data. The 
proportion of participants receiving placebo expected to virally rebound 
during analytic treatment interruption in the case of EHVA T01 was 
estimated from a similar placebo controlled analytic treatment 
interruption trial in HIV-positive adults (VRI 02 ANRS 149 LIGHT trial 
(NCT01492985)). 
 
Experience from this and other trials (33, 34) suggest that an exponential 
distribution in time to viral rebound following analytic treatment 




0.500 0.025 At the interim analysis this is the probability of not dropping an ineffective 
arm. It is recommended that this is set to 0.5 at the first interim (23). This 
relaxed level means that an early look is possible and that only very inferior 
regimens will be dropped. At the final stage the significance level is set 
more conservatively (0.025) to ensure that we do not incorrectly conclude 
efficacy in an ineffective regimen. 
Stage-wise 
power 
95% 92% This is the probability that a truly effective arm will not be dropped at an 
analysis stage. This is kept very high (95%) at the interim stage to minimise 








For time to viral rebound during analytic treatment interruption, the 
measure used to establish a treatment effect will be the hazard ratio. Given 
what is achievable from treatment with ART alone, it is sensible to look for 
a large treatment effect, which will reduce the overall expected trial size. 
At both stages, the trial is powered to detect a 50% reduction in occurrence 
of viral rebound during analytic treatment interruption in each 
experimental arm compared to placebo (this translates into a hazard ratio 
of 0.46).  
Targeted 
recruitment 
rate leading up 
to analysis 
1 participant per 
week for the first 
4 weeks, 2 per 
week for the next 
4 weeks and then 
4 per week for 
the remainder 
4 per week In the case of EHVA T01 the DNA+MVA and mAb had never previously been 
given in combination and it was necessary to start at a slower initial 
recruitment rate to closely monitor safety events. While a slower than 
anticipated rate of accrual impacts the overall length of the trial and time 
to interim analysis, the required suspension in recruitment time, however, 
is unaffected. 
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